Microbial decomposers colonising submerged leaf litter are in close spatial proximity with periphytic algae and can use carbon (C) exudates released during photosynthesis. We investigated whether labile C delivered as algal exudates could affect the microbial colonisation and decomposition of leaf litter. Using microcosms, we submerged leaf litter in pond water and monitored fungal and bacterial growth over time and tested the effect of algal photosynthetic exudates by comparing microcosms in light and dark. In order to experimentally assign the effect of algal products to labile C delivery and test for a C driven mechanism, we ran a parallel experiment with microcosms in the dark where we mimicked the delivery of algal labile C by continuously adding glucose. Labile C delivered as algal exudates or glucose resulted in a dominance of fungal decomposers over bacteria, and stimulated the acquisition of more N-rich OM fractions from litter during periods of active fungal growth. Our results highlight that labile C stimulates fungal decomposers and increases N removal from leaf litter. Since fungal necromass is more resistant to degradation than bacterial, we expect that a fungal-dominated litter degradation might contribute to more protected C pools.
INTRODUCTION
The priming effect, or the increased mineralisation of recalcitrant organic matter (OM) triggered by inputs of labile OM, has been extensively studied in terrestrial systems. Labile OM additions have been shown to increase soil carbon (C) mineralisation by up to 600% (Kuzyakov et al. 2009) , and therefore the priming effect challenges our current understanding of C and nutrient cycling. One of the main focuses of terrestrial priming studies is the rhizosphere (Cheng et al. 2014) . Plants release up to 40% of assimilated C through their roots (Merckx et al. 1986 ), which stimulates microbial activity and can trigger the decomposition of soil organic matter (SOM). One of the proposed mechanisms for priming is that labile C can induce successional dynamics among microorganisms with different life strategies (Kuzyakov 2010) . In this simplified conceptualisation, labile C additions stimulate the growth and activity of r-strategist OM users followed by a relatively slower increase in K-strategist OM users activity (Blagodatskaya and Kuzyakov 2008) . Within this r-K strategy, bacteria are often associated with r-strategists and K-strategists with fungal groups (Fontaine et al. 2007; de Graaff et al. 2010; Kuzyakov 2010) . Bacteria are thought to grow rapidly when substrate is available and die or become dormant after substrate depletion, because they cannot initiate the decomposition of recalcitrant fractions of SOM (Morris and Blackwood 2005) . In contrast, fungi are thought to grow at a slower rate but are actively breaking down persistent fractions of SOM. Even though clear experimental support is missing within this framework and the above-mentioned microbial dynamics and priming are not always related (Reinsch et al. 2013; Rousk, Hill and Jones 2015) , microbial growth dynamics and competition for substrate is thought to determine enzyme production and SOM degradation by different functional groups of heterotrophic decomposers (Chen et al. 2014) .
Despite the growing interest in priming effect in soils, few studies have investigated the priming effect in aquatic systems (Danger et al. 2013; Bengtsson et al. 2014; Bianchi et al. 2015; Catalan et al. 2015) and little is known about its impact on the turnover of OM in lakes, rivers and streams. A situation similar to the rhizosphere that also includes the interactions between labile C and microbial decomposers are aquatic biofilms developing on submerged leaf litter, providing a similar potential for priming effect as the rhizosphere.
Biofilms such as those present in rivers and streams play a key role in C cycling (Sabater et al. 2002) through the uptake and processing of the majority of available organic C. These systems harbour complex and dynamic communities of bacteria, fungi and photosynthetic algae (Battin et al. 2016) , and the close proximity of microbial decomposers and photosynthetic algae can favour the exchange of metabolic products between groups (Battin et al. 2003) . Algae release exudates rich in labile compounds such as amino acids and carbohydrates (Myklestad 1995) , and those C exudates can account for up to 30% of the total photosynthetic fixed C (Descy et al. 2002; Hotchkiss and Hall 2015) . Such exudates can alleviate C limitation in bacteria (Wyatt and Turetsky 2015) , can stimulate bacterial and fungal growth (Kuehn et al. 2014) and can increase production rates of extracellular enzymes responsible for leaf litter decomposition (Francoeur et al. 2006; Rier, Kuehn and Francoeur 2007; Ylla et al. 2009; Rier, Shirvinski and Kinek 2014) . In aquatic systems, microbial decomposition of leaf litter is mainly controlled by fungi with hyphomycetes representing the most abundant group (Mille-Lindblom and Tranvik 2003; Pascoal and Cassio 2004) . This is a phylogenetically heterogeneous group of fungi, being most species affiliated with Ascomycota (Shearer, Descals and Kohlmeyer 2007) and well adapted to living attached to surfaces in running water.
Apart from the exchange of metabolic products, the interactions between microbial decomposers such as bacteria and fungi and photosynthetic algae growing on submerged leaf litter are not fully understood. We suggest that a similar mechanism to that proposed for soil priming could take place in aquatic systems, particularly for microbial decomposers colonising submerged leaf litter, where the labile C delivery by periphytic algae can be an important C source. Considering that bacteria and fungi are major decomposers of OM also in aquatic systems, we expect similar interactions to occur.
In this study, we investigated whether labile C availability through photosynthetic exudates could modify the microbial colonisation of submerged leaf litter and stimulate litter decomposition through a series of microcosm experiments. We further tested whether the mechanism was explained by labile C availability through comparisons with continuous glucose delivery to our experimental systems, mimicking the release of C exudates by algae in natural systems.
We hypothesized that (i) algal presence and consequent release of labile C compounds would stimulate bacterial and fungal growth on submerged leaf litter; (ii) glucose additions would generate a similar stimulation of bacterial and fungal growth as algal presence, suggesting a C-related mechanism; (iii) fungal responses to C-stimulation via photosynthesis or glucose additions should have larger effects on leaf litter mass loss than bacteria since fungi are the rate-limiting group for leaf litter decomposition; (iv) an increase in bacterial and fungal growth stimulated by labile C would result in higher rates of leaf litter mass loss through the priming effect.
MATERIALS AND METHODS

Experimental design
Microcosm experiments were constructed by submerging leaf litter in pond water in 250-mL plexiglass plates with a surface area of 160 cm 2 . We used maize (Zea mays L.) litter, a litter type that can be found in ponds surrounded by agricultural land. Fresh green litter was collected from an agricultural field site, air-dried at 40
• C until constant weight in the laboratory and cut in 3 cm × 1 cm pieces with approximate weight of 30 mg. The litter had an initial C:N ratio of 10:1. Water was collected from a pond in Lund-Sweden (11.5 mg L −1 total organic C and 0.60 mg
and filtered through a 50-μm mesh to remove zooplankton but still allowing for a natural community of algae, bacteria and fungi to develop. The microcosms were kept at 22
• C. Water was stirred daily with a pipette to promote mixing and aerobic conditions, and evaporation was compensated with MilliQ water additions. Pilot experiments verified that the litter systems did not grow limited by lack of oxygen. Water pH was measured daily in all microcosms and values ranged around 7.8 ± 0.2 and did not change over the course of the experiment. Litter units were destructively sampled from microcosms over time and used to monitor fungal and bacterial growth and quantify algal primary productivity, litter mass loss and C:N ratios of litter. One litter unit was used for each variable measured so measurements are expressed as per litter unit.
We ran two parallel experiments using the above-mentioned microcosms. In one experiment, microcosms were subjected to two treatments: light treatment and dark control. In light treatments, microcosms were exposed to photosynthetically active radiation light with an intensity of 100 μmole photons m -2 s -1 (18W PAR light tubes, type 356-118, Fagerhult-Sweden). Since we were interested in the effect of light on microbial colonisation of litter, microcosms were exposed to continuous light, and we used UV-free light to avoid photooxidation of OM. In total, there were three microcosms under light and three control microcosms maintained in the dark. The experiment was repeated two times. During the first one, litter pieces were collected at days 0, 3, 6, 8, 10 and 12. For the second one, sampling was performed at days 0, 2, 4, 7, 10, 14 and 16. The choice of sampling times was based on a pilot experiment where we detected algal primary productivity around day 7. Sampling intervals were chosen to capture microbial dynamics approximately before the onset and during algal primary production. In a second experiment, microcosms were kept dark and divided in two treatments-glucose and control treatments. Glucose treatments received a continuous delivery of 7 μg glucose-C ml
with a peristaltic pump (Ismatec JPS 12; Zürich, Switzerland). This rate was based on the primary production rates obtained from the microcosms under light treatments: by using reference values for the percentage of photosynthetic-C exuded during primary production found in relevant literature (Hotchkiss and Hall 2015) , we chose a conservative value of 15% in order to avoid excessively high concentrations of glucose-C. The experiment was repeated twice. The first set had three replicates per treatment and was sampled on days 0, 2, 5, 9, 12 and 14. The second set had four replicates per treatment and was sampled on days 0, 4, 7, 14, 17 and 23.
Bacterial growth
Bacterial growth was estimated using methyl-3 H thymidine (Bååth 1992 leucine in the sample-but the two methods, leucine and thymidine incorporation, yield comparable results (Bååth 1994) . For both methods using leucine and thymidine, samples were incubated for 1 h at 22
• C in the dark and incubations were terminated with 100% trichloroacetic acid. Samples were sonicated in a water bath in order to detach biofilm-forming bacteria, a method which has been shown to result in nearly 100% extraction efficiency (Shelley and Perry 2000; Buesing and Gessner 2003; Gulis, Marvanova and Descals 2005) . After removing unincorporated radioisotope with several steps of washing and centrifugation with 5% trichloroacetic acid and ethanol (Bååth, Pettersson and Söderberg 2001) , the amount of incorporated radioactivity was determined by using a liquid scintillator counter. The amount of incorporated leucine or thymidine (pmol litter unit h −1 ) was used as a proxy for bacterial growth.
Fungal growth
Fungal growth was determined using the acetate-in-ergosterol incorporation method (Newell and Fallon 1991; Rousk, Brookes and Bååth 2009 and unlabelled acetate with a final acetate concentration of 220 μmol L −1 . The samples were incubated during 4 h at 22
• C in the dark. Ergosterol was extracted and quantified by high-performance liquid chromatography with a UV detector (282 nm). The radioactive fraction was retrieved with a fraction collector and quantified on a scintillation counter (Rousk and Bååth 2007) , and fungal growth was calculated as the amount of incorporated 14 C-acetate, expressed as pmol litter
Algal primary productivity
Algal primary productivity was measured with 14 C bicarbonate incorporation (Nielsen 1952; Francoeur et al. 2006) . Fifteen microlitres of NaH 14 CO 3 (37 MBq mL −1 , 1 mCi mL −1 ; Perkin Elmer)
were added to each sample with a final concentration of 185 kBq mL −1 . After 4-h incubation at 22
• C, the samples were immediately filtered in the dark through a 0.45-μm membrane filter. The filters were placed in scintillation vials along with 1 mL 0.1 M HCl and left overnight to evaporate non-incorporated 14 C. Subsequently, samples were dissolved in 2 mL 0.5 M NaOH for 1 h at 80
• C (Anderson and Davis 2013), scintillation cocktail was added and samples were analysed with a scintillation counter. Inorganic C pools were estimated by measuring dissolved inorganic C concentration with a Shimadzu TOC-VCPH analyzer. Finally, algal production was calculated according to Wetzel and Likens (2000) and expressed as μg C litter unit Algal production rates in light and dark treatments-a locally weighted least squared error (Lowess) method was applied to the light treatment for curve fitting. Data points show mean values ± 1 SE; for some data points the error bars are smaller than the symbol itself.
Total C and N elemental analysis and litter mass loss
Litter units were collected at each time point for the second sets of both light-dark and control-glucose experiments, and were freeze-dried and weighed. Total C and N were measured by a C/N elemental analyser of solid samples, at the Inorganic Analysis Laboratory at the Department of Biology, Lund University, Sweden. Litter mass loss was calculated based on the difference to the initial litter unit weight. Litter mass loss and C:N ratios allowed for calculations of N and C loss over time.
Data treatment and statistical analysis
Cumulative bacterial and fungal growth was calculated by integrating the area under the fitted curve where time-point rates were multiplied by the appropriate time periods. We used the cumulative estimates in the last sampling point as a proxy for the total bacterial or fungal growth in the whole experiment. Values used in figures and analyses were normalized by dividing each set of values in light and glucose treatments by the average of the values measured in the dark and control treatments, respectively. The treatment effect on the relationship between fungal growth and N loss was calculated based on the differences between light and dark, and glucose and control. A linear regression was applied using the least squares method in order to test for a relationship between fungal growth and N loss.
In order to better visualize patterns, a smoothing curve was applied to the data using a Stineman function (Figs 3b, 4a and 5b) when no monotonic function was found. The output of this function has a geometric weight applied to the current point and ±10% of the data range, to arrive at the smoothed curve. A locally weighted least squared error (Lowess) method with a 50% smoothing factor was used for primary production data (Fig. 1) . A Michaelis-Menten curve was applied to fit decomposition data (Figs 3a and 5a) .
The effect of treatment on cumulative bacterial growth, cumulative fungal growth and N loss was analysed by one-way ANOVA with R version 3.1.2 (R Core Team 2014). Values were reciprocally transformed in order to meet the assumptions for homogeneity of variance in ANOVA.
All graphs and curve fitting were made in KaleidaGraph 4.5 for Mac (Synergy Software, Reading, PA, USA). 
RESULTS
Algal primary production remained at similar values in both dark and light treatments until day 4. By day 7, primary production rates increased rapidly to 504 μg C litter unit
with light stimulation, and stabilized around 1500 μg C litter unit −1 h −1 around day 10 (Fig. 1 ). Algal production rates in dark treatments remained nearly undetectable. Fungal growth rates remained similar in light and dark treatments in the beginning of the experiment (Fig. 2a) . From day 6 onwards, fungal growth increased steadily in light systems reaching values up to 31 pmol acetate litter unit −1 h −1 by the end of the experiment. This represented a 4-fold higher value than was observed in dark systems where rates remained constant throughout the experiment. Thus, this resulted in a significantly higher cumulative fungal growth in light than in dark treatments (one-way ANOVA, F (1,10) = 18.9, P = 0.001; Fig. 2b ). Ergosterol concentrations increased up to 3 μg ergosterol litter unit −1 in light treatments by the end of the experiment but remained at low rates in dark treatments (Fig. S1a , Supporting Information).
Bacterial growth rates increased to a maximum in the first 2-3 days of the experiment in both light and dark treatments. After that, we observed a decrease in growth rates towards the last sampling point in both treatments (Fig. 2c) . This added up to no detectable effect of treatment on cumulative bacterial growth (one-way ANOVA, F (1,10) = 0.14, P = 0.719; Fig. 2d ). Thus, bacterial production was not significantly affected by light availability.
Mass loss measured as percentage weight loss of litter units over time increased steadily up to 40% until day 5 with similar values in light and dark treatment. Rates of mass loss reached 60% on day 16 and remained unaffected by treatment (one-way ANOVA, F (1,4) = 1.4, P = 0.3; Fig. 3a) . N mass loss was similar in the initial days of the experiment and then increased from day 4 onwards, with a significantly higher loss in light than in dark treatments on days 6 and 8 (one-way ANOVA, F (1,4) = 9.0, P = 0.0396 and F (1,4) = 13.6, P = 0.02 respectively; Fig. 3b ), but differences between treatments decreased towards the end of the experiment. In the glucose addition experiment, fungal growth rates remained at values below 3 pmol acetate litter unit −1 h −1 until day 3 in both glucose and control treatments (Fig. 4a) . After this initial period of slow growth, fungal production increased sharply in glucose treatments and peaked at 265 pmol acetate litter unit −1 h −1 on day 12. This value was nearly 9-fold higher than the observed value in control treatments at the same time point. In systems with glucose additions fungal growth decreased to 44 pmol acetate litter unit −1 h −1 until day 23 but fungal growth rates remained relatively unchanged from initial values in control systems. As a consequence, the cumulative fungal growth measured on day 23 was 5-fold higher in glucose treatments than in the control (one-way ANOVA, F (1,12) = 26.0, P = 0.0002; Fig. 4b ). Ergosterol concentrations increased steadily up to 2 μg ergosterol litter unit −1 by the end of the experiment in glucose treatments, ∼double than in control treatments (Fig. S1b , Supporting Information). Bacterial growth increased to a maximum peak before day 5 of the experiment in both glucose and control systems (Fig. 4c) . After this period, bacterial production declined exponentially, with slightly lower growth rates in glucose treatments until the end of the experiment. As a result, glucose treatments had ∼50% lower cumulative bacterial growth on day 23 than the values observed in the control systems (one-way ANOVA, F (1,12) = 29.4, P = 0.0001; Fig. 4d ).
The mass loss was initially rapid and corresponded to 45% in both glucose and control treatments on day 4 (Fig. 5a) . By the end of the experiment, around 60% of litter mass was lost, with no significant effect of treatment (one-way ANOVA, F (1,6) = 2.7, P = 0.154). Litter N loss in glucose treatments was significant higher than in the controls on days 7 and 14 (one way ANOVA, F (1,6) = 10.4, P = 0.032 and F (1,6) = 27.5, P = 0.006 respectively; Fig. 5b ). The difference in N loss between treatments showed a positive relationship with the difference in fungal growth (r 2 = 0.64, P = 0.0029; see Fig. S2 , Supporting Information).
DISCUSSION
Algal growth and microbial colonisation of submerged leaf litter
Bacterial growth on the litter units peaked earlier than primary production, independent of treatment (Figs 1 and 2c ). In contrast, fungal growth coincided with the increase in rates of algal primary production (Fig. 2a ). An algal stimulation of fungal biomass and activity has been previously reported for fungi colonising submerged leaf litter (Rier, Kuehn and Francoeur 2007; Lagrue et al. 2011; Kuehn et al. 2014 ) and fungal use of algal compounds released during photosynthesis has been detected with isotopic methods (Kuehn et al. 2014) . Also, the increase in oxygen availability during photosynthesis can benefit heterotrophic activity (Rier, Kuehn and Francoeur 2007 , and references therein). Interestingly, a simultaneous stimulation of bacterial and fungal groups by algae has also been reported (Kuehn et al. 2014) . However, most studies reporting on interactions between heterotrophic microbes and algae do not include fungal groups (Romani et al. 2006; Rier, Kuehn and Francoeur 2007; Ylla et al. 2009 ), or show a bacterial inhibition when algae stimulate fungi (Danger et al. 2013) . In order to test whether the observed microbial dynamics during litter colonisation in light systems was connected to C availability and therefore to the exudation of C compounds during photosynthesis, we conducted experiments where glucose was continuously delivered to aquatic microcosms at rates matching algal exudation. Fungal growth rates were highly stimulated by glucose additions but no effect was observed in bacteria ( Fig. 4a and c) . This was unexpected since glucose, present in natural systems (Thurman 1985) , is a preferred C source for many bacterial groups (Chapelle 1993) . Nevertheless, higher C-availability had no effect on bacterial colonisation of litter. It is possible and even likely that labile C had an effect on bacterial growth in the water column. However, our study focused on litter colonisation by bacteria and fungi, and on the rate-limiting step for litter degradation-its rate of mass loss from total organic material (Schimel and Weintraub 2003) .
Labile C, regardless if it was sourced from algae or glucose, produced similar patterns of microbial litter colonisation. This suggested that the effect by algal presence on microbial succession on litter was due to labile C. As photosynthetic activity increased around day 7, a stimulation of fungal growth coincided with the probable increased availability of labile C of algal origin (Fig. 2a) . The continuously delivered glucose-C was available earlier than algal-derived C. Therefore, in glucose treatments, fungal growth increased already at day 5 (Fig. 4a) and reached higher growth rates than those observed in light systems. In similar studies, fungal dominance over bacteria has been shown to prevail during early stages of leaf litter decomposition (Newell et al. 1995; Kuehn et al. 2000) , which is the time frame we assessed in our experimental systems. Such fungal dominance over bacteria can be explained by the fungal ability to produce enzymes targeting leaf material and because fungal hyphae can reach deeper parts of leaf tissue (de Boer et al. 2005) . In contrast, bacteria are only capable of growing on exposed surfaces, thus benefiting from a higher area for bacterial colonisation caused by initial fungal decomposition (Chamier 1985) .
Because of the wider span of C:N ratios, fungal groups can use C along with nutrients with greater flexibility than bacteria, exploiting the available nutrient pool when limitation by C is relieved (Sterner and Elser 2002; Strickland and Rousk 2010; Danger, Gessner and Barlocher 2016) . In aquatic systems, whole microbial communities C:N ratios range from 5.9 to 13.4 while fungal cultures C:N ratios range from 3.6 to 30.6 and bacterial cultures from 3.8-18.4 (Danger, Gessner and Barlocher 2016) . In our study, it is possible that a proportional reduction of nutrient concentrations due to immobilisation into fungal tissue coincided with the growth dynamics. In contrast, labile C presented as algal exudates or glucose had no observable (Fig. 2c) or had a negative effect (Fig. 4c) on bacteria. This negative association between the fungal and bacterial groups may have been due to competitive interactions in our experimental systems, where fungi stimulated by labile C outcompeted bacteria via 
Does labile C stimulate leaf litter decomposition through the priming effect?
In soil systems, low concentrations of labile C can affect the decomposition of more recalcitrant soil C, by directly changing the relative abundance of bacteria and fungi present in the system (de Graaff et al. 2010; Kuzyakov 2010) . This phenomenon of r-K successional dynamics is one of the main proposed mechanisms for terrestrial priming effects (Fontaine et al. 2007; de Graaff et al. 2010 ) and provides a potential mechanism for aquatic priming. In line with this, previous work has suggested that algal C exudates can stimulate microbial decomposition of submerged leaf litter (Danger et al. 2013; Kuehn et al. 2014) . The priming effect has only recently been investigated in aquatic systems, with studies showing that labile C additions may stimulate mineralisation rates of marine sediments (van Nugteren et al. 2009) , and enhance degradation of SOM use in aquatic systems (Guenet et al. 2014) but also that priming will cause little or no changes in dissolved organic C mineralisation (Carlson et al. 2002; Bianchi et al. 2015; Catalan et al. 2015) .
In our study, we reported an initial fast rate of litter mass loss that can be explained by leaching, or the abiotic loss of soluble compounds. This initial phase is known to account for up to 30% of mass loss within ∼24 h (Petersen and Cummins 1974; Gessner, Chauvet and Dobson 1999) . For the rest of our experiment, rates of mass loss reached around 60%, and were not affected by the addition of labile C delivered either through photosynthesis or glucose, despite the stimulation of fungal growth. In terrestrial systems, labile C can result in a dominance of fungal over bacterial groups particularly at high C substrate concentrations (Griffiths et al. 1999; Kuzyakov, Friedel and Stahr 2000; Chigineva, Aleksandrova and Tiunov 2009; de Graaff et al. 2010; Reischke, Rousk and Bååth 2014) . However, high concentrations of labile C can select for fungal groups specialized in metabolising relatively large amounts of labile C-rich substrates (Chigineva, Aleksandrova and Tiunov 2009) instead of groups that degrade leaf litter. Since we used a continuous delivery of low concentrations of labile C in our experiments-concentrations that are relevant for biofilms (Ylla et al. 2009; Wagner et al. 2015) and the rhizosphere (see de Graaff et al. 2010 and references therein)-we do not expect such fungal groups to have dominated our experimental systems, or at least no more than that selected for in natural systems.
Although we saw no evidence for enhanced rates of litter mass loss, other studies have found a mechanism by which labile C inhibits the decomposition of OM-the preferential use of labile C sources over leaf litter. In the rhizosphere, a preferential substrate utilisation mechanism might be responsible for selective uptake of labile rhizodeposits when microorganisms are presented with two different substrates such as C exudates and SOM (Bradford, Fierer and Reynolds 2008) . In our study, a preferential use of photosynthesis exudates and of glucose instead of leaf litter breakdown may have occurred. Also, in the case of glucose, since it is a monomer of cellulose, glucose additions may have inhibited the production of cellulases, the enzymes involved in cellulose decomposition (Gusakov, Sinitsyn and Klyosov 1987; Gan, Allen and Taylor 2003) .
Labile C did not increase the rate of litter mass loss. However, the presence of labile C did affect how decomposing leaf litter was used which may have been due to a similar phenomenon. We observed an initial increase in litter C:N ratio and therefore a higher N loss which coincided with a peak in fungal growth in treatments with labile C additions-algal photosynthetic exudates or glucose. The positive relationship between fungal growth and N loss from leaf litter (see Fig. S2 ) suggests that fungi used algal exudates and glucose as a C source while accessing N from leaf litter. It is theorized that in terrestrial systems microbes use labile C substrates to acquire N from more recalcitrant OM-referred to as N-mining hypothesis (Moorhead and Sinsabaugh 2006; Craine, Morrow and Fierer 2007) . It is suggested that a simultaneous C loss occurs, and therefore a labile C-induced N-mining is thought to result in priming. However, in our study, we did not detect changes in C loss but we suggest that N-mining might be one possible explanation for our results: labile C stimulated fungal growth and also changed the type of OM targeted by fungi to fractions rich in N from the leaf litter. This observation is consistent with recent reports where the simultaneous study of N and C mineralisation has suggested that labile C can induce a decrease in the C/N targeted by microbes (Murphy et al. 2015; Rousk, Michelsen and Rousk 2016) . To our knowledge, this is the first report showing evidence for fungal N-mining in response to labile C-additions during the microbial colonisation of submerged leaf litter. In forest floors, fungal groups colonising litter have shown the ability to translocate resources through the hyphal network (Boberg et al. 2010) . Nutrients are transported from richer to more deprived areas of colonisation, allowing for litter decomposition to occur in areas where nutrients are limiting. Inspired by this mechanism, we conjecture that resource translocation is also present in aquatic fungi colonising submerged leaf litter, such as translocation of a labile C source in order to remove N from leaf litter.
The fate of labile C, transformed litter and microbial biomass
Labile C induced a change in the microbial use of leaf litter with a stimulation of fungal growth resulting in selective mining for N. As a result, the peak in fungal growth produced litter with higher C:N ratio, which is often associated with slower decomposition and increased C storage (Berg and Laskowski 2005) . Labile C additions also stimulated fungal growth rates on decomposing leaf litter, and therefore we reported a greater accumulation of fungal biomass over time (see Fig. S2 ). Similar findings have previously been reported in other studies where a greater fraction of C was accumulated in fungal biomass than in bacteria (Newell et al. 1995; Kuehn et al. 2000; Baldy et al. 2002; Gulis and Suberkropp 2003) . In terrestrial systems, an accumulation of fungal biomass or necromass has been associated with the formation of more recalcitrant by-products and metabolites in comparison to bacterial biomass (Six et al. 2006) . Fungal cells are rich in chitins and melanin, and melanin-rich hyphae are resistant to degradation (Coelho, Sacramento and Linhares 1997; Butler and Day 1998) . These compounds accumulate over time in forest soils (Clemmensen et al. 2013 ) and agricultural soils (Murugan, Koch and Joergensen 2014; Struecker and Joergensen 2015; Sun et al. 2016) and are a precursor for SOM formation (Linhares and Martin 1978; Schmidt et al. 2011) . For this reason, fungal-dominated microbial communities are expected to promote C stabilisation and subsequent OM accumulation (Beare et al. 1997; Bailey, Smith and Bolton 2002; Six et al. 2006) .
In aquatic systems, fungi are also the main contributors to microbial decomposition of leaf litter (Pascoal and Cassio 2004) , while the bacterial role increases at later stages when material has been broken down by fungi (Baldy, Gessner and Chauvet 1995; Weyers and Suberkropp 1996) . Fungal groups dominate microbial assemblages in submerged decomposing litter both in natural systems (Baldy, Gessner and Chauvet 1995; Weyers and Suberkropp 1996; Baldy et al. 2002) as well as in microcosm studies (Gulis and Suberkropp 2003) . However, in contrast to soils, there is scarce information on the accumulation of recalcitrant compounds such as melanin in aquatic systems. It is well known though that tyrosinase, the enzyme acting both in melanin biosynthesis and lignin degradation, is present in a high number of freshwater fungal species colonising leaf litter (Abdel-Raheem and Shearer 2002) . So, potentially, recalcitrant compounds of fungal origin might also contribute to the recalcitrant C pool in aquatic systems. The fate of fungal necromass products in aquatic systems is unknown.
In our study, the presence of photosynthetic algae stimulated fungal growth but not bacterial growth. Contrary to our expectations, high fungal growth rates did not affect rate of leaf litter mass loss and therefore labile C had no effect on litter decomposition. Unexpectedly, we did detect that labile C induced a simultaneous increase in fungal growth and N loss from litter. Thus, labile C could 'prime' a fungal N-mining of submerged leaf litter. We suggest a labile C-driven mechanism behind the observed changes in microbial colonisation and N-use when decomposers were growing in close proximity with algae, since we observed similar results when decomposers were presented with continuous additions of glucose. Given the correlation between fungal growth responses and litter mass loss, it is plausible that labile C additions contributed to a more protected and recalcitrant OM pool in the form of nutrient depleted litter or fungal necromass. Fungal groups appear to be the primary mediators of C-flow from submerged leaf litter when labile C such as algal photosynthetic exudates are available, and that could be a mechanism for increased C storage in natural systems.
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